Introduction
I t has been found th at patien ts with B ro c a 's a p h asia give u p their typical telegraphic speech style in m ore form al c o m m u n icatio n -in p articu la r, certain te st situations su c h as reading and picture description. T h is change is accom panied by expressions o f dissatisfaction (even curses), increased n on-fluency a n d increased re s ta rts an d errors (H eeschen, 1985) , These effects are n ot seen in W ernicke's aphasics. T h e critical factor p ro d u cin g this change in the B roca's a p h a sic s seem s to be the degree o f freedom for expression available to th e patient in th e p a rtic u la r sp e ak in g situation. Specific tasks w hich im pose p a rticu la r sentence form s red u ce th e degree o f freedom . S itu a tio n s with m o re specific com m unication expectancies can also b e a n tic ip a ted to decrease the degree o f freedom . T hus a continuum is form ed fro m free co n v ersatio n , w hich allows th e p a tie n t the greatest degree o f freedom , to reading, w hich has the least.
In th ree published studies in w hich the average vocal pitch (or fu n d am e n ta l frequency-F0) o f read speech for B ro c a 's aphasics has been c o m p a re d to th a t for n o rm al subjects, it has been found to b e higher (D a n ly a n d S h ap iro , 1982; Ryalls, 1984 ; C ooper, Soares, N icol, M ichelow a n d G o lo sk ie, 1984). T ab le 1 show s th e average fundam ental frequencies derived from these studies. T he overall m ean dif ference betw een norm al and Broca a p h a sic p a tie n ts is 54 Hz. Yet, in o n e study w here the vocal frequency o f Broca's ap h asics a n d n o rm a l subjects w as derived fo r rep etitio n o f sim ple three-w ord sentences (R yalls, 1982) Ryalls a n d R einvang, 1986; and G a n d o u r and D a rd a ra n a n d a , 1983), n o research has specifically addressed th e increased p itc h effect o f such p atien ts. It h as been suggested th a t such a difference in average fu n d am e n ta l frequency between B roca's aphasics and n o rm al speakers could be d u e to g rea ter psychological stress on the p a rt o f the B roca's aphasics (Ryalls, 1984) . I f the degree o f freedom in the specific conversational situ a tio n is the critical factor for ind u cin g psychological stress, then it can be expected th a t the fundam ental frequency (F 0) o f Broca's aphasics will vary accordingly. (See below for the relationship betw een psychological stress a n d fundam ental frequency,) T h u s it is necessary to co m p are th e fundam ental frequency o f B roca's ap h asics in constrained com m unication situ a tio n s versus less constrained speech p ro d u ctio n situ atio n s.
In c o n tra st, W ernicke's aphasics are n o t expected to d e m o n stra te this effect, given their fluency and decreased concern w ith language difficulties (even anosognosia) (G eschw ind, 1981; L ebrun, 1987) . Such patients have been show n n o t to change their speech style in m ore c o n stra in e d speech tasks (H eeschen, 1985; H eeschen and K olk, 1988) . T herefore they are expected to behave like n orm al co n tro l subjects. T hus we expect th a t norm al c o n tro l subjects and W ernicke's ap h asic p a tie n ts will n o t dem o n strate higher F0 in m ore constrained language tasks. A lth o u g h W ernicke's aphasics still m o n ito r th eir speech (Schlenck, H uber an d W illm es, 1987), they are unconcerned by their errors.
Starkstein an d R o b in so n (1988) have shown that, for vario u s reasons, B roca's aphasics show a greater tendency to depression than W ern ick e's aphasics. W e take this depression as a fu rth e r indication o f the typical B ro ca's a p h a sic 's concern with his com m unication problem . Since the B roca patient often fails in co rre c tin g his errors, o f w hich he is still aw are, we hypothesize th at he feels a situ a tio n ak in to 'learned helplessness1 (see P eterson and Seligm an (1984) for an overview).
C onditions o f increased psychological stress h av e been fo u n d to result in significant increases in average F 0 for norm al subjects (E km an, Friesen and Scherer, 1976 ; Streeter, G eller a n d A pple, 1977). As Sapir a n d A ro n so n (1987, p. 79) have recently stated: 'the lary n x is the instrum ent through w hich e m o tio n s a n d feelingsconscious or unconscious, pleasan t o r unpleasant-are expressed. T h is fact helps to explain why the larynx is a com m on site for the expression o f em o tio n al conflict, stress, depression o r anxiety'. F ro m this we predict th a t B ro c a 's aphasics will d em o n strate a rise in F 0 in situ atio n s where they are required to respond in som e co n strain ed m anner.
In th e two experim ents reported here, we looked a t the difference in average vocal frequency for B roca's and W ernicke's aphasics and n o rm al c o n tro l subjects across two different speech elicitation conditions-one in w hich the speech o u tp u t is m ore constrained by the ta sk , and the o th er which leaves the subject a g rea ter degree o f freedom .
Experiment 1
Psychological stress in aphasia 311
Subjects
Eight ag ram m atic B roca's and eight W ern ick e's aphasics were used in this experi ment, as well as eight non-neurological n o rm a l co ntrols. There were five m ales and three fem ale subjects in each case. N eurological subjects were classified o n the basis o f their scores on th e A A T (Aachener A phasie T e st-see H uber, Poek, W eniger and Willmes, 1983), w hich also indicates the general severity o f aphasia in dependent o f type. Subjects were also balanced for their severity o f ap h asia across types. A lthough d a ta from b o th G e rm a n and D utch native speakers w ere used in this experim ent, no language variables were m anipulated according to language th at could have affected the results o f o u r experim ent. The first fo u r subjects in each aphasie g roup were G erm an, while the second four in each g ro u p w ere D u tc h . All eight n o rm a l subjects were D u tc h .1
Method
Patients were fam iliar w ith the examiner a n d w ere tested in a fam iliar environm entoften their own hom es. The less c o n stra in e d condition consisted o f subjects producing sp o n tan eo u s speech in a 'coffee-tim e chat* conversation. In the m ore con strained 'ex p erim ental' condition, subjects w ere required to describe the actions depicted in pictures which were presented to them . T hey were prom pted into specific sentence form s w ith questions such as 'W h a t is X doing?' or 'W hat is h appening to YT. Thus in this co n d itio n , their speech o u tp u t w as m ore or less constrained by the topic of the actions depicted in the pictures a n d by the questions being asked. Five u tteran ces were taken from the less co n stra in e d condition and subm itted to acoustic analysis. These were the first five m ore o r less 'com plete' phrases, provided they were free o f environm ental noise and from overlapping speech from the examiner. Single-w ord utterances and echolalic responses were elim inated. A lthough it was n ot req u ired th a t the utterance be a com plete sentence, utterances dem on strated norm al sentential properties such as FO declination (C ooper an d Sorensen, 1979). It w as required th a t utterances convey a sem antically cohesive m essage which was not necessarily perfect syntax. Some exam ples are: 'Also therapy difficult' and 'The wall p a in te d '.
These u tteran ces were digitized at 10 kH z and a 'peak-picking' algorithm was used to ex tract the fundam ental frequency. A single average value w as derived for each utterance by an au to m atic averaging procedure. N ext, these five utterances were averaged to give a value for each subject, as show n in T able 2. The ranges o f the five utterances were also reported. F o r the 'e x p e rim e n tal' condition, five utterances per subject were selected and m easured in the sam e m an n e r to arrive at an average FO for each subject in this condition. 
Results
T he resulting values are p rese n ted in T ab le 2. T h e difference betw een the averages on each o f the two conditions w as derived fo r each subject, th at is the average o f five tokens fo r the 'relaxed' c o n d itio n was s u b tra c te d from the average o f five tokens for the 'stressed' condition fo r each subject. T h e difference in averages betw een the two co n d itio n s w as used because o f the w ell-know n differences in average vocal pitch betw een m ale and fem ale speakers (sym bolized by 'm ' and 'f in the tables). D ifferences were used, even th o u g h g ro u p s were balanced for sex.2
2T h e use o f this difference in averages allow ed us sim ply to consider the difference in F0 which was due to the experim ent a n d n o t due to differences in m ale versus fem ale fundam ental frequencies (see Peterson an d B arney, 1959) . T h is m ean s, for exam ple, th a t for th e purposes of o u r co m p ariso n a change from 90 to 100 H z is tre a te d th e same as a change from 110 to 120 Hz.
A one-w ay analysis o f variance (ANOVA) w ith g ro u p as a factor (three levels) was conducted o n the fundam ental frequency difference scores. There was a significant effect for g ro u p [F (2-21) = 3-79; p < 0*05]. A N ew m an-K euls post hoc test revealed a significant difference betw een the difference scores o f the Broca p atients and the W ernicke p a tie n ts (p< 0*05). The difference scores o f the Broca patien ts and the norm al control subjects did n ot differ significantly from each other. T h u s B roca's aphasics differ from bo th W ernicke patients and n o rm al controls in th a t they show a higher F0 in the m ore constrained task , w hereas W ernicke's aphasics and nonneurological controls show the opposite ten d e n c y .3
It could n o t be determ ined on the basis o f these results w hether the higher F0 for the Broca's aphasics in the picture-nam ing task w as sim ply due to the m o re stressful situation o f describing pictures as com pared w ith p ro d u cin g sp o n tan eo u s speech, or w hether there w as an effect o f imposing sentence form s which was different in the picture description situation from w hat it w as in sp o n tan eo u s speech. T o shed m ore light on this question, a second experim ent was co nducted in which the conver sational dem an d s were m anipulated w ith o u t ch an g in g the constraints on speech output.
Experiment 2

Subjects
Subjects were clinically evaluated using th e sam e test as in E xperim ent 1. All the subjects in this experim ent were native speakers o f D u tch . F o u r subjects w ho had served in E xperim ent 1 were included in E x p erim en t 2. E ach group (B roca's aphasics, W ernicke's aphasics and norm al controls) co ntained eight subjects (five m ales and three females). Patients were again fam iliar w ith th eir exam iner.
M ethod
In this experim ent subjects were required to describe the various anom alies in pictures which were presented to th em -for exam ple a deer w ith 'h o rn s' instead o f 'an tlers'. In the less co n strain ed condition each subject was encouraged by being told it was a simple task w hich they would be able to perfo rm m o re easily than o th e r patients, and that it was ju s t a practise session. F o r the m ore constrained condition, which was the sam e task, they were told (a) th a t the "real' experim ent had now begun, (b) that they were required to answer as com pletely as possible and (c) th at their responses w ould now be scored. N ote th a t the only difference betw een the two conditions is th a t the instructions set up a m o re c o n stra in e d com m unication situation for the sam e type o f stim uli. In both c o n d itio n s the subjects had five pictures to 3A two-way analysis of variance with group (three levels) and condition (two levels) as factors was done on the absolute F0 values. This analysis revealed an overall significant effect for condition [F(l*21) = 4*69; p < 0-05]. However, there was also a significant group x condition interaction, which renders the main effect for condition uninterpretable. Naturally, the F value for the group x condition is the same as the F value for the ANOVA on the difference scores. Since this interaction was expected and has to be interpreted, we performed ANOVAs on the difference scores in both Experiments 1 and 2. describe. The pictures w ere c o u n te rb ala n c ed am ong the subjects in each g roup such th a t all the pictures occurred b o th in the 'less c o n stra in e d 1 a n d in the 'm ore c o n strain ed ' conditions. T his w as d o n e to elim inate p o ten tial sp u rio u s effects related to specific pictures. T h e less c o n stra in e d condition preceded the m o re constrained condition. Subjects w ere tested in a fam iliar environm ent in a session o f about 25 m inutes duration.
A gain the five u tteran ces w ere selected under the sam e co n d itio n s as in Experi m ent 1. T he five u tteran ces were alw ays taken from a t least tw o pictures, an d some patients only p ro d u ced one u tte ra n c e per picture. These u tteran ces w ere then m easured to obtain an average FO for each subject for each c o n d itio n . Some exam ples o f utterances in this ex p erim en t are: 'It's som ething you use at h om e' and 'T he telephone is n o t'. T h e fu n d a m e n ta l frequency values were o b tain e d in the same m an n er as in E xperim ent 1.
Results
R esulting FO averages a n d ranges are presented in T able 3. Ju st as in E xperim ent I, a one-w ay ANOVA with g ro u p as the only factor (three levels) was effected on the FO difference scores. T here w as a significant effect for g ro u p [^(2-21 = 4-30; p < 0-05] .
Post hoc N ew m an-K euls tests revealed that the difference scores o f the B roca's aphasies were significantly different from those of b o th norm al co n tro ls (/?<0*05) and W ernicke's aphasies (p < 0-05). T he norm al co n tro ls and the W ernicke patients did n o t differ from each other. T h u s B ro ca's aphasies seem to be m o re sensitive to the constraints o f the co m m u n icatio n situation than W ernicke's ap h asies an d normal control subjects.
Discussion
The results of both E xperim ents 1 a n d 2 indicate th at B roca's aphasics, in contrast to W ernicke's aphasics a n d norm al controls, react to the m ore form al and constrained experim ental conditions with a higher F0, thereby in dicating psychological stress. T he constraints can be either linguistic or due to the c o m m u n ic a tio n situation.
T hus we have evidence th a t B roca's aphasics an d W ern ick e's aphasics react differently to the sam e change in experim ental situation. T ak in g m eans for the differences in Experim ents 1 and 2, we find that B ro ca's aphasics dem o n strated an overall average increase o f 8-9 Hz, w hile W ernicke's ap h asics d e m o n stra te d an overall average decrease of 7-3 Hz. T here is, however, substantial v a ria tio n from patient to patient. Such differences in reactio n may reflect differences in how a p atient has learned to cope with his aphasia, but these results do n o t allow us to ad d ress this issue. T here are other differences in the speech of B ro ca's ap h asics which may be correlated with their increased vocal pitch-i.e. the 'stressed' situ a tio n s prevented them from using their telegraphic style. It rem ains to be d eterm ined how speech characteristics such as telegraphic style interact with the effect we h a v e revealed here. O th e r neurological groups will have to be tested to d eterm ine the specificity o f this effect to B roca's aphasia. W e w ould also like to see m o re d ire c t m easures of psychological stress, such as heart rate or pupil dilatio n , be effected on Broca's aphasics. I f o u r results are upheld, they m ay even be o f p o ten tia l use in speech therapy. These results are also o f m ethodological relevance because they reveal th at tap p in g into B ro ca's aphasies' deficit by way o f highly constrained a n d form alized experim ental situ atio n s induces psychological stress in such patients w hich m ay co n fo u n d experim ental results.
Finally, we are n o t sure that the concept o f psychological stress com pletely accounts for the effect o f higher-than-norm al average vocal pitch in B roca's aphasies. C ertainly the average difference o f 54 Hz betw een B roca's aphasies and norm al speakers in read tasks is not o f the same order o f m agnitude as the 9 H z increase we h ave found. O f course, a reading task is p ro b ab ly m ore stress-inducing th an the sim ple picture description tasks used here. Also the c o n trib u tio n o f a slight residual laryngeal spasticity to the higher average FO on the p a rt o f the B ro ca's aphasies c a n n o t be elim inated on the basis o f our present findings (although this possibility has n o t been described, to o u r knowledge, in the published literature). In any case, we feel th a t m ore research should be directed to these issues in order th a t we m ay m ore clearly co m p reh en d the com m unication deficit resulting from aphasia.
